Microseminoprotein (-MSP) is a small cysteine-rich protein with a molecular mass of 10 kDa. It was first isolated from human seminal plasma and has subsequently been identified from several species. Comparison of the aminoacid sequences of -MSP proteins suggests that the protein is a rapidly evolving protein. The function of -MSP is poorly understood. Furthermore, no crystal structure has been reported of any -MSP; therefore, determination of the crystal structure of -MSP is the foremost task in order to understand the function of this protein completely. Here, the purification, crystallization and preliminary X-ray diffraction analysis of -MSP from human seminal plasma are described. The protein was purified using anion-exchange and size-exclusion chromatography and the purified protein was crystallized using 0.1 M ammonium sulfate, 0.1 M HEPES buffer pH 7.0 and 20%(w/v) PEG 3350. The crystals belonged to the tetragonal space group P4 3 22 and contained three -MSP molecules in the asymmetric unit. X-ray intensity data were collected to 2.4 Å resolution.
Introduction
Human -microseminoprotein (-MSP) is one of three predominant prostate secretory proteins; the other two are prostate-specific antigen (PSA) and prostatic acid phosphatase (PAP) (Lilja & Abrahamsson, 1988) . -MSP was first purified from human seminal plasma and constitutes approximately 20% of the total seminal plasma protein (Thakur et al., 1981) . It is a hydrophilic nonglycosylated cysteine-rich protein with a molecular mass of 10.7 kDa (Akiyama et al., 1985; Dubé et al., 1987; Seidah et al., 1984) . It is synthesized as a precursor molecule of 114 amino acids with a 20amino-acid signal sequence, which is cleaved to yield a 94-amino-acid mature protein (Mbikay et al., 1987) . Its synonyms include PSP 94 (prostatic secretory protein of 94 amino acids; Mbikay et al., 1987; Dubé et al., 1987) , immunoglobulin-binding factor (IGBF; , prostatic inhibin-like peptide (-inhibin; Seidah et al., 1984) and sperm motility inhibitor (SPMI; Chao et al., 1996) . In addition to being found in human seminal plasma, it is also present in tracheobronchial fluid, gastric juice, secretions from the uterine cervix, tears, saliva, pancreatic juice, bile and mucus from the colon (Weiber et al., 1990; Ohkubo et al., 1995; Fernlund et al., 1996; Kwong et al., 2000 Kwong et al., , 2003 .
Since its isolation, similar homologous proteins have been identified from man (Seidah et al., 1984) , chicken (Kokan-Moore et al., 1991) , pig (Fernlund et al., 1994) , rat (Fernlund et al., 1996) and ostrich (Lazure et al., 2001) . The amino-acid sequences of the various -MSP proteins revealed extensive sequence divergence between species and marks them as members of a unique protein family known as -microseminoproteins.
Previous investigations have suggested -MSP to be an inhibitor of sperm motility (Chao et al., 1996; Anahi Franchi et al., 2008) , an immunoglobulin-binding factor and a regulator of tumour growth in prostate cancer (Garde et al., 1999; Shukeir et al., 2003; Annabi et al., 2005) . Recently, it has been shown that a peptide corresponding to the region 31-45 of -MSP reduces tumour growth without any noticeable side effects and thus can act as a therapeutic treatment for prostate cancer, reducing morbidity and mortality (Shukeir et al., 2005; Annabi et al., 2005) . These findings demonstrate the importance of -MSP in clinical diagnosis of prostate pathophysiology. However, the exact biological function of this protein has remained poorly understood since its first isolation in 1984. The most promising observation that could lead to an understanding of the biology and function of this protein is the recent detailed analysis of the NMR structures of human and porcine -MSP (Wang et al., 2005; Ghasriani et al., 2006) . These two structures are very similar, even though their sequence identity is only 51%. They both show a twodomain structure with -sheets as the only predominant secondarystructure elements and an identical disulfide pattern involving ten cysteines.
No crystal structure of an MSP has been reported to date. Here, we describe the successful purification, crystallization and crystallographic characterization of human -MSP. The crystal structure of human -MSP is expected to provide an alternative structural basis and ultimately a functional illustration of -MSP.
Materials and methods

Protein purification and identification
-MSP was isolated and purified from human seminal plasma fluid, which was obtained from five normal healthy volunteers from the Department of Laboratory Medicine, All India Institute of Medical Sciences, New Delhi. A cocktail of protease inhibitors (Sigma, USA) was added to the samples immediately after ejaculation. All other chemicals and reagents were of analytical grade and were purchased from local suppliers. Seminal plasma was further separated from spermatozoa by centrifugation at 1300g for 15 min at 277 K and was stored at 253 K until use. Human seminal plasma (30 ml) was dialyzed overnight against 20 mM Tris-HCl buffer pH 8.0 and applied onto a DEAE-Sephacel anion-exchange chromatography column (1.6 Â 25 cm) equilibrated with 20 mM Tris-HCl buffer pH 8.0 at a flow rate of 18 ml h À1 . The bound proteins were eluted with a linear gradient of NaCl (0-500 mM) in equilibrating buffer. All subsequent purification steps were monitored using 15% SDS-PAGE. Fractions containing -MSP were collected and concentrated by ultrafiltration with a 3 kDa membrane. Final purification was achieved by size-exclusion chromatography on a Superdex 75 column (16 Â 60 cm) pre-equilibrated in 50 mM Tris-HCl pH 8.0 containing 150 mM NaCl. Fractions containing -MSP were pooled and concentrated to 15 mg ml À1 using centrifugal devices and were stored at 193 K until the crystallization experiments. The protein purity was checked by 15% SDS-PAGE as described by Laemmli (1970) (Fig. 1) .
Crystallization
Prior to crystallization trials, dynamic light scattering (Laser-Spectroscatter 201, RiNA GmbH, Berlin) was used to confirm the monodispersity of the protein sample. For crystallization, the protein was concentrated to 10 mg ml À1 (in 25 mM Tris-HCl and 150 mM NaCl pH 8.0) and crystallized by the hanging-drop vapour-diffusion method in a robotic setup (Heinemann et al., 2003) using a 96-well Greiner plate (Crystal Quick low profile) at 277 K. Initial crystallization conditions were screened using the commercially available JCSG, Classics I and Classics II suites (Qiagen, Hilden, Germany) with drops formed by mixing equal volumes (0.4 ml) of protein and precipitant solution; the drops were equilibrated against 100 ml reservoir solution. The crystals obtained were transferred into crystallization buffer with the addition of 25%(v/v) glycerol for cryoprotection and flash-cooled in liquid nitrogen.
X-ray intensity data collection and processing
Prior to data collection, the crystal was flash-cooled in a liquidnitrogen stream at 100 K. Diffraction experiments were performed on the Protein Structure Factory beamline BL14.2 (Heinemann et al., 
Results and discussion
Human -MSP (residues 21-114) was successfully purified using anion-exchange chromatography followed by size-exclusion chromatography. The method described in this study is a rapid, convenient and efficient two-step procedure for the purification of -MSP when compared with previously described procedures (Ohkubo et al., 1995; Dubé et al., 1987; Baijal-Gupta et al., 1996; Garde et al., 2007) . As the Superdex 75 (16/60 column) had been calibrated with proteins covering the range 67-14 kDa, the elution volume of the protein in the gel filtration of 86 ml was estimated to correspond to a molecular mass of 21 kDa. Under SDS denaturing and reducing conditions, SDS-PAGE showed a single band corresponding to a molecular mass of 21 kDa (Fig. 1 ), suggesting that -MSP either forms a homodimer or has residual three-dimensional structure under the experimental conditions. Although -MSP has a calculated molecular mass of 10.7 kDa, several reports have indicated that it runs at a higher apparent molecular mass on SDS gels (Lilja & Abrahamsson, 1988; Liang et al., 1991; Dubé et al., 1987; Baijal-Gupta et al., 1996) .
Crystallization trials were performed with drops formed by mixing equal volumes (0.4 ml) of protein and precipitant solution; the drops were equilibrated against 100 ml reservoir solution. Immediate heavy precipitation was observed in nearly 75% of all conditions. After one week, small needle-shaped crystals appeared in one condition together with precipitation [Classic II suite condition No. 68; 0.2 M ammonium sulfate, 0.1 M HEPES pH 7.5 and 25%(w/v) PEG 3350]. The final conditions after optimization produced rhombohedrally shaped crystals of up to 1 mm in length in 3 d at 277 K using the hanging-drop method ( Figs. 2a and 2b) . Drops of 1 ml protein solution at 14 mg ml À1 (in 25 mM Tris-HCl pH 8.0 containing 50 mM NaCl) and 1 ml reservoir solution were equilibrated against 1 ml reservoir solution containing 0.1 M ammonium sulfate, 0.1 M HEPES buffer pH 7.0 and 20%(w/v) PEG 3350. The crystal showed good diffraction to 2.4 Å resolution. A diffraction pattern is shown in Fig. 3 . The parameters for X-ray diffraction data collection are shown in Table 1 . Analysis of the diffraction pattern indicated that these crystals exhibit tetragonal symmetry and systematic absences indicated the space group to be P4 3 22, with unit-cell parameters a = b = 76.3, c = 103.4 Å . Assuming the presence of three -MSP molecules per asymmetric unit, the Matthews coefficient (V M ) is calculated to be 2.3 Å 3 Da À1 , corresponding to a solvent content of 46%, which is well within the normal range for globular protein crystals (1.68-3.5 Å 3 Da À1 ; Matthews, 1968) . Solution structures have been reported for porcine and human -MSP. The two proteins (51% sequence identity) have a very similar three-dimensional structure with well conserved secondary-structure elements and with most of the amino-acid substitutions resulting in a different charge distribution which is localized on one side of the molecule. In solution, MSP is a -sheetrich protein with two distinct domains. The N-terminal domain is composed of a four-stranded -sheet with a Greek-key motif arrangement. The C-terminal domain contains two two-stranded -sheets with unique structural motifs. The two domains are connected to each other by the peptide backbone, one disulfide bond and interaction between the N-and C-termini, resulting in an extended structure (Ghasriani et al., 2006) . MSP proteins have been isolated and characterized from several species: man, pig, rat, chicken and ostrich. Comparison of the known MSP sequences with other protein sequences in public databases suggests that the MSPs constitute a unique protein family and also have a unique three-dimensional structure. To date, no crystal structure of an MSP has been reported. This is the first crystallization report of human -MSP. Crystal structure analysis by molecular replacement is in progress.
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